Abstract-In order to obtain accurate and reliable network planning in the RFID communications system, the locations of readers and the associated values for each of the reader parameters have to be determined. All these choice must optimize a set of objectives, such as coverage, economic efficiency, load balance and interference between readers. In this paper, we develop an mathematical model for planning RFID networks based on the application of two powerful optimization techniques known as Evolutionary Algorithms (EAs) and Swarm Intelligence (SI). We present a comparative study for two EAs, namely Genetic Algorithm (GA) and Evolution Strategy (ES), and one SI algorithm, namely Particle Swarm Optimization (PSO), on the RFID networks planning (RNP) problem. All the algorithms are evaluated against a test scenario (a 30m 30m working space with 10 readers and 100 tags), which is subdivided into areas with different requirements. The simulation results show that the PSO algorithm obtains the superior solution for RNP problem than the other two EAs in terms of optimization accuracy and computation robustness.
INTRODUCTION
Radio Frequency Identification (RFID) technology is a type of automatic identification system. The purpose of an RFID system is to enable data to be transmitted by a portable device, called a tag, which is read by an RFID reader and processed according to the needs of a particular application. In recent years, an enormous amount of technical and commercial development of RFID has been demonstrated in many industrial applications, such as production, logistics, supply chain management and asset tracking [1, 2, 3, 4] . In many applications, the deployment of RFID systems has generated the RFID network planning (RNP) problem [5] that need to be solved in order to operate the large-scale network of RFID readers in an optimal fashion. However, RNP is one of the most challenging problems that has to meet many requires of the RFID system. In general, the RNP aims to optimize a set of objectives (coverage, load balance, economic efficiency and interference between readers, etc.) simultaneously by adjusting the control variables (the coordinates of the readers, the number of the readers, and the antenna parameters, etc.) of the system. As a result, in the large-scale deployment environment, RNP problem is a high-dimensional nonlinear optimization problem with a large number of variables and uncertain parameters.
In the past few decades, nature-inspired computation has attracted significant attention. Among them, the most successful are Evolutionary Algorithms (EA) [6] and Swarm Intelligence (SI) [7] . Evolutionary algorithms (EAs) are search methods that take their inspiration from natural selection and survival of the fittest in the biological world. Several different types of EA methods were developed independently. These include Genetic Programming (GP), Evolutionary Programming (EP), Evolution Strategies (ES) and Genetic Algorithms (GA). Swarm intelligence (SI) is an innovative computational way to solving hard optimization problems, which is inspired by the collective behavior of social systems such as fish schools, bird flocks and ant colonies. Currently, SI includes two different algorithms, namely Ant Colony Optimization (ACO) and Particle Swarm Optimization (PSO). This paper investigates the applicability of the following three different nature-inspired algorithms in the RNP problem: two Evolutionary algorithms, namely the simple real-code GA (RGA) and the self-adaptation ES (SA-ES), and one Swarm Intelligence algorithm, namely the canonical PSO (CPSO). All the algorithms are evaluated against an idealized test scenario (a 30m 30m working space with 10 readers and 100 tags), which is subdivided into areas with different requirements. The simulation results, which focusing on minimizing four specific objective functions that represent the mathematical model of RNP problem, are reported in this paper to show the comparison for the three nature-inspired algorithms.
The rest of the paper is organized as follows. In section II, we will give the briefly reviews of GA, ES and PSO algorithms. Section III gives the formulation of the RNP problem. In Section IV, the comparative study is performed for the three nature-inspired algorithms on solving the RNP problem. Finally, section VI outlines the conclusions.
II. DESCRIPTION OF THE ALGORITHMS

A. Genetic Algorithm and Evolution Strategies
The Evolutionary algorithms (e.g. Evolution Strategies, Evolution Programming and Genetic Algorithm) are population-based optimization methods that employ the 
Recombine ρ parents to form an offspring γ; Mutate the strategy parameter set s of γ; Mutate γ using the mutated s; END FOR Select new parent population P µ (t+1) from P λ (t); Set t := t + 1; END WHILE Set t := 0; INITIALIZE. Randomize both Swarm position X(t) and associated Velocity V(t), select the personal best position pbest and the global best position gbest of the population; WHILE (the termination conditions are not met) FOR (each particle i of Swarm) Update the Velocity using Eq. 1; Update the position using Eq. 2; Update the pbest and gbest; END FOR Set t := t + 1; END WHILE mechanics of natural selection, such as mutation, recombination, reproduction and selection, etc. The mutation process perturbs a candidate solution randomly; the recombination process mixes the current solutions to generate the new ones; the reproduction process replicate the most successful solutions found in the population; the selection process purges poor solution from the population. In this paper, the two main types of EAs, which are the simple real-coded GA (RGA) [8] and the self-adaptive ES (SA-ES) [9] , are applied to solve the RNP problem. The pseudocode for the RGA and SA-ES are listed in Table 1 and Table 2 respectively.
B. Particle Swarm Optimization
PSO mimics the swarming behaviors observed in flocks of birds and schools of fish. The canonical PSO (CPSO) [10] used in this paper evolves a population of interacting particles searching for the optimum in the problem space. In mathematical terms, each individual's direction of movement is manipulated according to the following equations: Table 3 .
III. RFID NETWORK PLANNING (RNP) PROBLEM In this paper, the problem concerns the variables of the positions and the radiated powers of the readers. The working area on which the RFID network is deployed is considered as a flat square surface. The proposed solution is based on the mathematical functions that must be optimized considering the following principal requirements:
A. Coverage
The first objective function represents the level of coverage, which is most important in RFID system. In this paper, if the radio signal received at a tag is higher than the threshold P d = -10 dBm, the communication between reader and tag can be established. Then the function is formulated as the sum of the difference between the desired power level P d and the best received power 
Where N T is the number of tags in the working area. This objective function is in order to locate the RFID readers close to the regions where the desired coverage level is higher, while the areas requiring lower coverage are taking into account by a proper radiate power increasing of the readers.
B. Interference
Interferences among readers occur in a dense reader environment, where several readers try to interrogate tags at the same time in the same area. This result in an unacceptable level of misreads. This objective function is formulated as:
Where M is the number of readers, dist() is the distance compute function, R i and R j are the positions of readers, r i and r j are the read range of i th and j th reader respectively. By changing the readers' positions and radiated powers, this objective function is in order to locate readers far from each other to reduce the interference.
C. Load Balance
We consider that all the readers should work at a load balance scheme. That is, a network with a homogeneous distribution of readers' cost can gives a better profit than an unbalanced configuration. The function is:
Where C k is the assigned tags number to reader k in the working area. In the process of the optimization algorithm, the numbers of tags served by k th reader changes as the function of the position and radiate power of the reader.
D. Economic Efficiency
This aspect could be approached from various points of view. From our perspective, in order to meet the providers' requirement, the readers have to be positioned as closed as possible to the barycenter of the dense tags area. This objective can be reached by weighing the distances of each center of tags clusters from its best served reader. Here we employ K-means clustering algorithm to find the tags cluster. The objective function is formulated as:
E. Combined Measure
In this paper, the overall optimal solution for RNP is represented by a linear combination of the four objective functions: 
Where f i is the objective function for the i th objective.
IV. EXPERIMENT AND RESULTS All the algorithms are evaluated against an ideal square working area (a 30m 30m working space with 100 tags). Ten RFID readers, whose radiated power is adjustable in the range from 0.1 to 2 watt, are considered to serve this area. The real number solution representation is used in all the algorithms for solving RNP problem. When ten RFID readers are employed to serve the whole working area, the RNP problem can be considered as a continuous optimization problem with 30 dimensions. Then each solution vector is characterized by 30 genes, 10+10 genes for (x, y) coordinates of reader positions, and 10 genes for radiated powers of each reader.
The GA algorithm we executed is a real-coded Genetic Algorithm (RGA) with intermediate crossover and Gaussian mutation. The population of the RGA is 100 and all the control parameters were set to be default of [8] . The ES algorithm used in our experiment is the Self-adaptive ES (SA-ES) which was implemented according to [9] . The parent population was set to at 30 and the offspring number was 100. The PSO algorithm we used is the canonical one (CPSO) [10] . Parameters of CPSO were set to the values 1 c = 2 c =2.05, χ=0.729 and the population size was 50. Table IV . Fig. 1 shows the search progress of the average values found by the three algorithms over 20 runs for the five functions respectively. From Table IV and Fig. 1 , it is clear to see that the CPSO algorithm outperformed the other two EAs for all the objective functions. The RFID network planning results corresponding to each objective function (optimized by PSO) are shown in Fig. 2 (a) to (e) respectively, which also report the received power levels according to the path loss. It should be noted that many tests were carried out to find the optimal weight values of the global function f5. Form these experiments we have found that w1=w2=w3=w4=0.25 is the best choice.
V. CONCLUSION In this paper, we develop an optimization model for planning the RFID network based on three nature-inspired algorithms, namely Genetic Algorithm, Evolution Strategies and Particle Swarm Optimization. We consider the RFID network planning problem as a multi-objective optimization problem, where coverage, interference, economic efficiency and network load-balance are particularly considered as the primary requirements of the RFID system. Four objective functions are defined according to these four system requirements and the combined measure of them are also solved by the three algorithms. It is worth mentioned that the proposed optimization model is very flexible that the proposed objective functions can be flexibly rearranged to account for more specific situations, and other objectives can be added to this model according to other system requirements while without affecting the general philosophy of this model.
